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ABSTRACT

AIM: Methylsulfonylmethane (MSM) is a non-pharmacologic 

nutrition supplement used against osteoarthritis (OA). Objective: 

Delineate the effect of MSM on osteoarthritic joints and mobility.

MATERIALS AND METHODS: Randomized, double-blind, 

placebo-controlled trial including 100 patients, with hip and/or knee 

OA stratified in an intervention and a placebo group. Intervention: 
MSM 6 gr per day or placebo for 26 weeks. Outcomes measured 

were the Western Ontario and McMaster University Osteoarthritis 

Index visual analogue scale (WOMAC), patient and physician 

assessments and SF-36 (overall health-related quality of life).

RESULTS: Compared to placebo the MSM group presented 

significant decreases in all subscales of WOMAC (P < 0.05) with 

improved performance of daily living activities on the SF-36 

evaluation (P < 0.05). Patient and Physician assessments exhibited 

favorable effects on the MSM group

CONCLUSION: MSM improved all physical symptoms in the 

WOMAC scale during the short intervention without any adverse 

events.
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InTRoduCTIon

Osteoarthritis (OA) derived from the Hellenic Words Osto (Bone) 

and Arthritis (Arthritis) is a common form of non-inflammatory 

degenerative arthritis causing moderate to major disability and 

limiting everyday activities in an ever increasing number of the 

elderly community
[1]

, thus diminishing their quality of life
[2]

. Current 

trends for controlling the debilitating pain associated with OA 

include but are not limited to: use of analgesic drugs
[3,4]

, surgical 

interventions
[5]

, and an ever increasing inclination to employ 

complementary and alternative medicine (CAM)
[6]

 treatments. 

Methylsulfonylmethane (MSM) is currently a non pharmaceutical 

dietary supplement used alone or conjugated with glucosamine and/

or chondroitin sulfate
[7-10]

 validated as a CAM treatment by the FDA 

in the USA. 

    MSM is a complex containing organic sulfur (CH3)2SO2
[11]

. It 

is strongly affiliated to dimethyl sulfoxide or DMSO although it’s 

chemical interaction is somewhat different
[12-19]

. MSM is the prime 

metabolite for DMSO in the human organism alongside sulfur- 

containing-amino acids, thus exhibiting a significant anabolic action 
in the process of sulfomethylation. Studies suggest that approximately 

15% of orally ingested DMSO is metabolized into MSM in the 

human organism
[20]

. MSM is used by the body to maintain and repair 

connective tissue
[21]

 and anecdotal evidence suggest it may exhibit 

some anti-inflammatory, anti-atherosclerotic and chemo-preventive 
properties, may inhibit prostacyclin (PGI2) synthesis, may influence 
eicosanoid metabolism, and improve free radical scavenging 

processes
[22-24]

. Studies performed in murine models showed that 

MSM had an effect in inflammatory conditions (e.g. rheumatoid 

arthritis, lupus)
[25,26]

. Up to date a single randomized controlled trial 

of MSM and OA has been published showing considerable decrease 
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in OA pain
[27]

. 

    Currently there is lack of valid published clinical studies 

concerning MSM safety and toxicity with a handful of small animal 

trials reporting no adverse events, organ pathology or mortality
[28]

. 

Dosology used in these reports was four to seven times the maximum 

FDA approved dose and those currently used by off-the-shelf buyers. 

MSM is considered a “safe” dietary supplement, and is listed as 

such on the “Guide to Alternative Therapies for OA” of The Arthritis 

Foundation along with a cautionary note stating “lack of research”
[29]

. 

Although structured and valid clinical studies on the possible adverse 

effects are almost nonexistent, there have been unverified reports of 
mild adverse effects from the oral use of MSM

[30]
 while an animal 

clinical study reported decreased joint degeneration
[31]

.

    The lack of significant scientific evidence in the form of solid 

clinical trials needs to be addressed if the promising anecdotal 

evidence of MSM’s potency is ever to be validated and verified.

MATERIALS And METHodS

Participants

The study was approved by the ethics committee of the medical 

institutions involved in the research. Written consents were obtained 

from all participants before initiation of the selection and allocation 

process. Patients affected by hip and knee OA were selected so as 

to better evaluate large joints that are effortlessly examined by use 

of simple X-rays, making our preliminary efficacy clinical research 
much easier. Presence of OA in other joints was not an exclusion 

criterion, but we were careful to monitor all patients for comorbidities 

in the rest of the skeleton. 

    Our study cohort included males and females >45 years of age 

diagnosed with hip or/and knee OA. Inclusion criteria for our study 

included: For stratification purposes we used the modified criteria 

of the American College of Rheumatology (ACR)
[32,33] stratified into 

ACR functional class I, II or III
[34]

; categorization into Kellgrene 

Lawrence grades 2-3 (mild to moderate joint space narrowing 

with osteophytes present)
[35]

 was radiographically confirmed (by 

use of A-P and L X-rays of joints involved); standard arthritis pain 

(present regularly most of the days) for 3 months or more; >40 mm 

arthritis pain rating of joint under investigation (in the 100 mm 

visual analogue scale or VAS); and >2 rating on the patient global 

assessment (GA) tool of overall arthritis disease status (Five-Point 

Likert scale). 

    Exclusion criteria included: any other type of arthritis or chronic 

pain syndrome; previous arthroscopic surgery or surgical intervention 

in the past 8 months, intra-articular corticosteroids and/or hyaluronic 

acid injections in the past 8 months, malignancy, narcotic pain killers 

use, renal or hepatic disease, body mass index (BMI) >45 kg/m
2
. 

A washout period of 21 days was required concerning NSAID and 

CAM use.

    Enrollment and randomization procedures. We recruited patients 

from the busy outpatients department (OPD) and emergency 

room (ER) attendants on the basis of them already fulfilling the 

aforementioned criteria. Initial screening was conducted in person 

by the author and patients were made aware of the protocol and its 

parameters. A more frequent OPD attendance on a scheduled and 

an emergency basis along with extra blood tests and radiographic 

control was offered free of charge to all participants as a reward 

bonus. Written consents were obtained from all willing participants. 

Patients qualifying for inclusion were assigned to either group A 

(intervention MSM; n=50) or group B (intervention placebo; n=50) 

in a 26-week randomized, double-blind, placebo-controlled trial. The 
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allocation of patients in either group was random and was performed 

with the help of computer-generated random numbers. Generated 

numbers and subsequent patient allocation were provided by different 

research staff not involved in patient contact or data collection. All 

patients were informed to abstain from analgesics and NSAIDs but 

to state rescue analgesic used on intolerable pain. Unbeknownst to 

the patients, those using the aforementioned compounds were later 

excluded from the research. Weekly calls to patients were made 

during the 26 weeks by the researchers, follow-ups were performed 

on an as needed basis and a final follow up was performed after the 
end of week 26 for each patient separately.

MSM dosage and preparation 

A daily dosage of a total of 6 gr (3gr used twice per day) of MSM 

powder was selected and this rational was based on FDA guidelines, 

prior pilot studies and common clinical and over-the-counter use of 

MSM. Patients were instructed to take the compound on an empty 

stomach, with water or juice and not too close to bedtime. Distilled 

MSM powder was used with an included dosimeter to guarantee a 

dose of 3gr which had to be diluted in 250 mL of water or juice. The 

purity of the used MSM compound was confirmed by the producer 
to be 99.9% (by use of high-resolution gas chromatography). The 

placebo compound was indistinguishable in all qualities when 

compared to the MSM and consisted solely of inert ingredients. Both 

the MSM compound and the placebo were certified to be free of 

microbiological contamination. Canisters containing MSM or placebo 

were identical in size, shape, color and brand but had different bar 

codes for identification purposes. The canisters were provided to the 
patients by pharmacy personnel blinded to the patients’ identity so that 

the researchers were also blinded to the patients’ group allocation.

Efficacy evaluations
The joint (or joints) indicated by the patient as the one exhibiting 

the worst arthritis pain (study target) was noted during the initial 

screening process and was later evaluated for MSM efficacy. The 

difficult task was to select an appropriate tool that would enable us 
to stratify and categorize OA pain and symptoms. Towards that goal 

we implemented the Western Ontario and McMaster University 

Osteoarthritis Index VAS (WOMAC version 3.1) that includes 

composite subscales on pain (five questions), stiffness (2 questions), 
physical function (17 questions), and cumulative total symptoms (24 

questions)
[36,37]

. The WOMAC was scored from 0 mm to 100 mm 

(0=no pain, 100=worst pain), and collected at baseline and 26 weeks 

after that at the end of the study period. 

    In order to collect stratifiable data concerning quality of life we 
also studied the patient GA, physician GA, and SF-36 (version 2), at 

baseline and at 26 weeks. Both patient and physician GA were scored 

based on a five-point Likert scale for overall OA status (0=very well, 
1=well, 2=moderate, 3=poor, 4=very poor) and response to therapy 

(0=excellent response, 1=good response, 2=moderate response, 

3=slight response, 4=no response). We included the SF-36 as a 

previously applied and validated measurement tool in precedent 

OA efficacy studies[29-31]
. SF-36 includes 36 items (questions), with 

responses categorized into eight domains: physical functioning (PF), 

role physical (RP), bodily pain (BP), general health (GH), vitality 

(VT), social functioning (SF), role emotional (RE) and mental health 

(MH). Scores range from 0 to 100 with higher scores representing 

superior health status and quality of life.

Adverse effects evaluations 
Questionnaires, laboratory tests, weight alterations, BMI, and 
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other parameters were collected both at baseline and at 26 weeks. 

Laboratory tests included blood tests (complete blood counts and 

differential white blood cells, renal and hepatic functions), fasting 

lipid profile and urinalysis. Questionnaires included standard GI 

symptoms and adapted neurotoxic symptoms using a four-point 

Likert scale ranging from 0 to 3 (0=no, 1=mild, 2=moderate, 

3=severe). Customizations were made on the usual neurotoxicity 

questionnaires used in past drug trials so that they could be easily 

applied in our study
[41-43]

. These questionnaires were used to measure: 

cognitive function, peripheral neurological symptoms, and associated 

symptoms like sleeplessness, persistent headaches and episodes of 

blurred vision).

Statistical analysis
Statistical analysis was performed using SPSS (version 11.0) 

software. The basis of our research was the cohort size that had 

to include enough patients to validate any results. The estimated 

cohort size needed for this research was calculated by using an 80% 

power with a two-sided (tailed) test, alpha of 0.05 to detect a 25% 

improvement in VAS arthritis pain score from baseline to 26 weeks 

in the MSM treated group. Estimated variance and power calculation 

were based on earlier knee OA pilot trial publications
[46,47]

. This 

process indicated that a sample size of at least 22 patients was 

required
[44,45]

 to be included as an intervention group (MSM group) 

for our research results to have significant power. With an anticipated 
10% attrition rate, we opted to select 50 patients in each group since 

this numbers were deemed to be more than adequate to meet sample 

size requirements. The measured changes from baseline to 26 weeks 

between groups were considered significant for Kruskal-Wallis non-
parametric ANOVA p values<0.05.

RESuLTS

Demographics and baseline measurements
Mean age of the MSM group patients was 61.2 years and their ACR 

categorization was 11.9% class I, 80.7% class II, and 7.4% in class III 

(Table 1). This demographic profile was comparable to the Placebo 
group where mean age was 60.6 years and ACR categorization was 

14.3% class I, 78.8% class II, and 6.9% in class III. Average arthritis 

duration from the time of initial diagnosis was 9.1 and 8.6 years for 

the MSM and placebo groups respectively. According to WOMAC 

scoring, mean “Pain” level was 57.3 mm in the MSM group and 57.1 

mm in the placebo group, which were comparable baseline values. 

The same applied to “Stiffness” with mean values of 53.6 for the 

MSM group and 54.0 for the placebo group, “Physical Function” 

with values of 54.8 and 53.2 respectively and “Total Symptoms” 

values of 42.5 and 42.9 at the baseline measurements. 

    No major differences in the baseline arthritis disease status and 

demographic characteristics were found between the MSM and 

placebo group during enrolment and at the subsequent baseline 

measurement. Baseline patient profiles suggested that any measured 
changes observed after the intervention were not associated to any 

variability of patients in our two study groups. Compliance with 

compound taking and other protocol instructions were observed in 

all enrolled patients by regular interviews. The compound canisters 

were returned to the researchers at the end of the treatment, and the 

number of doses still present in them were correlated to the expected 

usage by that specific patient. Using this method we were able to 

verify if the doses used by the patient correlated to a strict adherence 

to our protocol of use.

Efficacy results
Treatment results as measured through WOMAC are listed in Table 2. 

The changes at 26 weeks in the MSM group were significantly better 
when compared to the placebo group for all subscales (pain, stiffness, 

physical function and total symptoms). Changes in the Placebo group 

were minor at the 26 week follow-up with the difference between the 

two groups being statistically significant in all subscales (p<0.05). 

Patient and physician GA for overall OA status changes at 26 weeks 

in the MSM group and placebo group were statistically significant, 
p<0.05 (Table 2). Changes in disease status suggest a strong trend 

toward improvement in the MSM treatment group. The patient GA 

and physician GA of response to therapy also showed fair differences 

suggesting an improvement of the MSM group. 

    Scores derived from the SF-36 quality of life tool, showed 

significant differences in all eight domains at 26 weeks in the MSM 
group. Physical Functioning difference was at 18.45, p<0.05, Bodily 

pain difference was at 21.20, p<0.05, General health difference was 

at 14.45, p<0.05 and Vitality difference was at 26.45, p<0.05. In the 

Table 2 WOMAC, Patient GA and Physician GA.

WOMAC (0–100 mm VAS)

    Pain

    Stiffness

    Physical Function

    Total Symptoms

Patient GA (0–4 Likert)

    Disease Status

Physician GA (0–4 Likert)

Disease Status

Quality of life score [mean] (range)

Baseline (mean 

and variation)

(57.3 ± 4.2)

(53.6 ± 5.6)

(54.8 ± 3.8)

(42.5 ± 4.1)

(3.2 ± 0.2)

(3.0 ± 0.2)

Table 1 Demographics of patients in both groups.

Gender (%)

Male

Female

Age (mean)

ACR classification (%)
I

II

III

Kellgren – Lawrence Grade (%)

2

3

Arthritis first diagnosed (years mean)
BMI (mean)

MSM

44.7

55.3

61.2 (SD=9.1)

11.9

80.7

7.4

63.5

36.5

9.1 (SD=4.6)

27.1

PLACEBO

48.1

51.9

60.6 (SD=8.2)

14.3

78.8

6.9

64.1

35.9

8.6 (SD=5.2)

26.4

26 week follow up

(mean and variation)

(36.2 ± 3.1)

(32.6 ± 4.1)

(30.1 ± 2.6)

(26.8 ± 5.0)

(2.4 ± 0.1)

(2.2 ± 0.2)

31,21 (6 – 81)

Change

(mean)

- 21.1

- 21

- 24,7

- 15,7

- 0.8

- 0.8

Baseline (mean 

and variation)

(57.1 ± 3.8)

(54.0 ± 5.8)

(53.2 ± 4.1)

(42.9 ± 4.9)

(3.0 ± 0.1)

(2.8 ± 0.2)

26 week follow up

(mean and variation)

(53.2 ± 4.1)

(52.1 ± 5.5)

(52.6 ± 3.2)

(40.1 ± 3.8)

(2.8 ± 0.2)

(3.0 ± 0.4)

62,40 (19 - 98)

Change

(mean)

- 3.9

- 1.9

- 0.6

- 2.8

- 0.2

- 0.2

Differencebetween 

groups p value

< 0.05

< 0.05

< 0.05

< 0.05

< 0.05

< 0.05

< 0.05

MSM PLACEBO

Demographic presentation of both groups.

Presentation of WOMAC, Patient and Physician GA scores (mean and variation) for each group, along with mean change and p values for difference 

between groups.Demographics of patients in both groups.



placebo group, a mean change of 10.48 was observed on the Social 

functioning domain, which was not statistically significant (p>0.05). 

No notable changes were found in the other seven domains, P>0.05. 

There were appreciable differences in the use of rescue analgesics; 

over the 26 weeks period 5 patients in the placebo group used 

NSAIDs compared to 2 in the MSM group.

Lab monitoring

All tests did not exhibit any abnormal alterations from baseline to 

26 weeks in any of our groups. There were no major changes in the 

complete blood counts, differential white blood cell counts, hepatic 

and renal functions, lipid profiles, BMI and vitals with all values 

remaining comparable between the two groups. No adverse effects 

were observed in any of our groups. 

    Of the 50 patients enrolled in each group (total of 100 for both 

groups), 89 completed the study: 48 (96%) in the MSM group 

and 41 (82%) in the Placebo group (Figure 1). The majority of 

patient withdrawals were reportedly due to NSAID use with two 

cases occurring in the MSM group and five in the Placebo group 

respectively. This difference in withdrawal numbers also suggests a 

favorable effect on the MSM use. One patient in the Placebo group 

was lost to follow-up. Three more patients were excluded from the 

Placebo group due to their inability to follow the protocol and also 

due to reported use of narcotic analgesics and further CAM therapies.

dISCuSSIon

Our clinical trial incorporated CAM treatment in the form of MSM 

used at a dose of 3 gr twice a day for 26 weeks. This intervention 

produced patient-perceived improvement present in all of the 

WOMAC subscales, with differences being statistically significant 
p<0.05 between study groups. 

    Our carefully formed protocol and carefully selected sample 

size produced two demographically comparable study groups. 

Patients and researchers alike were blinded to the true intervention 

suggesting that the sole compound affecting the arthritis status was 

the tested substance (MSM). The lack of improvement in the placebo 

group and the statistically significant differences between the two 

groups indicate that the effect of MSM was valid with the clinical 

significance of the improvement of these symptoms acting as solid 
proof. 

    The overall trend in WOMAC subscales decrease does suggest 

that the group using MSM was benefited by the compound while 

making obvious the need for further clinical evaluation before 

practical application. Moreover, another noteworthy finding is that 
all WOMAC subscales continued to decline at 26 weeks, suggesting 

that the full effects of MSM were not entirely expressed during the 

planned intervention timeframe (26 weeks); a lengthier study is 

needed to delineate and analyze if and when the effects of MSM 

would reach a pharmacological plateau, needing further treatment 

addition or modification. Patient and physician GA trends correlated 
with those observed in WOMAC subscales in the MSM group. 

    Our trial did not reveal any adverse events such as high blood 

pressure, changes in blood chemistry, increased bruising, or bleeding 

time. The lack of any acute and/or midterm adverse effects were 

thus validated but a lengthier trial that would go on for several 

months would be much more prone to reveal long term side effects. 

The inclusion of patients with different comorbidities would also 

ensure that the efficacy of the compound is measured on a more 

homogenous and real-time community simulating population.

    Using our Department as an enrollment site, we increased patient 
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pool size, variability and external validity due to the fact that we 

admit and treat patients from a catchment population pool of three 

million. 

    MSM is used by the body to maintain and repair connective 

tissue
[21]

 and it has been suggested that it may exhibit some anti-

inflammatory, anti-atherosclerotic and chemo-preventive properties, 
may inhibit prostacyclin (PGI2) synthesis, may influence eicosanoid 
metabolism, and improve free radical scavenging processes, along 

with a reduce in the IL-1β-induced nuclear factor-kB (NF-κB) 
translocation in chondrocytes

[22-24]
.

    Osteoarthritis on the other hand is a chronic rheumatoid disease 

mediated by metalloproteinases and inflammatory cytokines. 

Methylsulfonylmethane (MSM) shows promise in the treatment of 

inflammatory processes, but the efficacy of prolonged treatment with 
this substance in the management of OA has not yet been studied. 

MSM containing organic sulfur is strongly affiliated to dimethyl 

sulfoxide (or DMSO) being it’s prime metabolite. This effect 

resembles the anabolic action of sulfur- containing-amino acids, thus 

exhibiting a significant effect in the process of sulfomethylation[48]
. 

    MSM is used by the body to maintain and repair connective 

tissue
[21]

 and anecdotal evidence suggest it may exhibit some anti-

inflammatory, anti-atherosclerotic and chemo-preventive properties, 
may inhibit prostacyclin (PGI2) synthesis, may influence eicosanoid 
metabolism, and improve free radical scavenging processes

[22-24]
. The 

strongest effect is likely the result of a number of reactions including 

its anti-inflammatory activity, the stimulation of the synthesis of 

proteoglycans and hyaluronic acid, and the decrease in catabolic 

activity of chondrocytes inhibiting the synthesis of proteolytic 

enzymes, nitric oxide, and other substances that contribute to 

damage cartilage matrix and cause death of articular chondrocytes. 

The rationale behind the use of MSM is based on the belief that 

osteoarthritis is associated with a local deficiency or degradation 

of natural substances leading to increased apoptosis. In an in vitro 

study, MSM reduced the IL-1β-induced nuclear factor-kB (NF-κB) 
translocation in chondrocytes

[48-50]
. 

    Our study limitations include a statistically sound and adequate 

but nonetheless restricted sample size, with patients that were 

free of severe comorbidities and a mediocre duration of treatment 

(26 weeks) resulting in limitations in extrapolation to the targeted 

elderly population of the community, usually including an increasing 

number of octogenarians and nonagenarians. Nonetheless, the fact 

that the noticed improvement in the MSM group was detected early 

is a promising indication for a long term efficacy research. The 

need for significant funding is a strong limitation to address all the 
aforementioned optimum research parameters.

    Our study findings are preliminary and act as a pilot suggestion 
for further research. No dose response directions can be determined 

and the need arises for further clarification of optimum dosages 

appropriate for treatment of OA in the broader community. 

    Based on our results and on older studies, future research on 

MSM must include larger and more varied sample sizes, long-term 

treatments, dose response trials and clinical studies to delineate 

bioactivity of MSM. MSM-drug interaction studies for safety and 

toxicity seem appropriate, since the target group is the elderly with 

significant and varied co-morbid conditions suggesting administration 
of many different drug compounds. Research should revolve around 

the anecdotal evidence of MSM’s antioxidant activity which may 

also be extremely beneficial to the elderly population. 
    Our results support previous anecdotal reports that intervention 

with MSM on elderly patients suffering from OA is beneficial. A 

treatment approach based on current literature is to start off at 3 g/
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day, then to increase up to 6 g/day in two divided doses. Although 

large, long-term dose response studies are necessary, MSM should be 

considered in certain OA patient populations.

Key Messages: (1) OA is a major cause of disability affecting day 

to day activities and quality of life; (2) The effect of a CAM therapy 

like MSM is favorable without showing any adverse effects; (3) The 

physicians counsel is paramount to the selection of an appropriate 

treatment.
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